This research explored the awareness, usage and perspectives of Tanzanian researchers on open access as a mode of scholarly communication. A survey questionnaire targeted 544 respondents selected through stratified random sampling from a population of 1088 university researchers of the six public universities in Tanzania. With a response rate of 73%, the data were analysed using the Statistical Package for Social Sciences. The study reveals that the majority of the researchers were aware of and were positive towards open access. Findings further indicate that the majority of researchers in Tanzanian public universities used open access outlets more to access scholarly content than to disseminate their own research findings. It seems that most of these researchers would support open access publishing more if issues of recognition, quality and ownership were resolved. Thus many of them supported the idea of establishing institutional repositories at their respective universities as a way of improving the dissemination of local content. The study recommends that public universities and other research institutions in the country should consider establishing institutional repositories, with appropriate quality assurance measures, to improve the dissemination of research output emanating from these institutions.
'Library budgets have continued to see only modest annual increases whilst publishers have negotiated three or five year deals with year on year increases in charges, tying the libraries into long-term commitments in cash. …these big deals with the large publishers have resulted in very large proportion of a library's budget being committed in this way, leaving little over for other purchases' (Swan and Brown 2004: 5) .
Under such circumstances, many libraries, especially in the developing countries, are unable to accept the contracts or, when they do, they run a great risk of violating the contract because the budgets for most developing countries' libraries are often too small and unpredictable for long-term commitments. Furthermore, their budget cycles are usually shorter than the commitment to three to five year deals. It is evident that most of the 'big deals' that had been signed in developing countries had only been possible when there were externally supported programmes (Chan 2004; Chege 2006; Kirsop and Chan 2005) . Such deals are also deemed to be unsustainable once the external donation ends.
Another dimension to the issue of scholarly communication is the fact that the scholarly community is often exploited by the traditional publishing industry in the sense that research institutions pay three times to access scholarly information generated by them. In the first instance, the research institutions fund the research projects, secondly the same institutions pay salaries to academics or researchers who conduct research and carry out the peer review of the research outputs, all at no cost to the publishing industry. Thirdly, the research institutions then purchase the scientific publications containing the very same research outputs that they handed over to publishers free of charge (Comba and Vignocchi 2005; Lynch 2003) . Another drawback of traditional scholarly publishing is the fact that a substantial amount of research output, especially grey literature that does not follow the normal publishing protocols, remains invisible to most of the scholarly community.
In response to the frustrating traditional scholarly communication system, supported by enabling technologies, the scholarly community has come up with an alternative scholarly publishing system aimed at wider distribution of scholarly content without the cost or other copyright restrictions to end-users (Bernius, Hanauske, Konig and Dugall 2009; Bjork 2004; Moller 2006; Yiotis 2005) . The emerging scholarly communication model is known as open access (OA).
Open access concept
The Berlin Declaration of Open Access (2003: 2) defines open access as a new mode of scholarly communication through which 'the author(s) and right holder(s) of scholarly work grant(s) to all users a free, irrevocable, worldwide right of access to, and a license to copy, use, distribute, transmit, and display the work publicly and to make and distribute derivative works, in any digital medium for any responsible purpose, subject to proper attribution of authorship '. According to this definition, a complete version of the work and all supplemental materials should have been deposited in at least one online repository, using the suitable technical standards to enable open access, unrestricted distribution and long-term archiving of such works and including the permission to use the work.
OA scholarly communication is achieved through two main channels: Open access journals (OAJs) for electronic refereed journals and self-archiving (Bailey 2006; Bjork et al. 2009; Chan and Costa 2005) . Open access journals, also referred to as the 'Gold Road' to open access, are peer reviewed journals made available free of charge to the public through the Internet. Unlike the business publishing model, in open access publishing, the end-user is not charged to access journal articles. Instead, various funding strategies, such as direct author fees, institutional membership to sponsor all or part of author fees, funding agency payment of author fees and grants to open access publishers and institutional subsidies, are used to cover the costs for publication and distribution of OA content for free access by the end-user (Hirwade and Rajyalakshmi 2006) . Self-archiving, also known as the 'Green Road' to open access, is making articles freely available in digital form on the Internet by authors (Budapest Open Access Initiative 2002) . This is achieved when authors make their research output available through their personal Web sites or through open access archives. Open access archives are electronic repositories that may include already published articles (post-prints), pre-published articles (pre-prints), theses and dissertations, manuals, teaching materials or other documents that authors or their institutions wish to make publicly available without financial or other access barriers (Bailey 2006; Bjork 2004; Lynch 2003) . The Registry of Open Access Repositories (ROAR) and the Directory of Open Access Repositories (DOAR ) provide the list of open access compliant archives from disciplinary and institutional archives worldwide.
The problem
Despite the promising potential of open access to improve scholarly communication, this mode of publishing is not yet wide spread in developing countries when compared to developed countries (Moller 2006; Papin-Ramchan and Dawe 2006; Wang and Su 2006) . According to the Directory of Open Access Repositories (DOAR 2009; , for example, the whole of the African continent had 24 registered open access repositories by the end of July 2009. During the same period, repositories registered in DOAR from other continents were 77 for Australia, 167 for Asia, 404 for North America and 686 for Europe. Data obtained from the Directory of Open Access Journals (DOAJ) during the same period indicate that among 4171 registered journals in DOAJ, only 23 journals were identified as being published or hosted in African countries (DOAJ 2009; . By the end of January 2010, the number of open access repositories from the African continent in DOAR had increased to 35, of which 23 were from South Africa. Similarly, during the same period, the number of open access journals from the African continent had increased to 26 of which the majority (19) were again published in South Africa. Among the open access repositories and OA journals, none of them were from Tanzania. These statistics further support the observations made in the previous studies regarding the low uptake of open access in developing countries as noted above.
In an effort to find out why open access uptake is low and slow in most developing countries, the authors of this article decided to explore the perspectives of researchers in Tanzanian public universities on open access. Researchers within universities in developing countries are usually the main producers of scientific research results and hence considered very important in fostering open access uptake in a country. In other words, academics and scientists should be the prime agents of the new scholarly communication mode. Through their publishing activities, they are expected to be in the forefront of using open access outlets, hence determining whether or not open access journals or open access repositories become widely acceptable (Fullard 2007 
Research methodology
The study was conducted at six out of eight Tanzanian public universities. The universities involved in the study were: Ardhi University (ARU), Muhimbili University of Health and Allied Sciences (MUHAS), Mzumbe University (MU), Open University of Tanzania (OUT), Sokoine University of Agriculture (SUA) and the University of Dar es Salaam (UDSM). The main criteria for selection of the participating universities were that they offered postgraduate training, had Internet connectivity and had existed at least 10 years as higher learning institutions. The other two public universities (the State University of Zanzibar and the University of Dodoma) did not meet the selection criteria. The reasoning behind the selection criteria was that existence as higher learning institutions for at least 10 years and running postgraduate programmes implied a comparatively well established research infrastructure and generation of research output. By meeting such conditions, the selected institutions were deemed to more likely benefit from OA initiatives than the other two institutions that were excluded in the study.
The study targeted researchers from the ranks of lecturers to professors. Junior researchers (tutorial assistants and assistant lecturers) were not included in the study on the assumption that they were not experienced in research and scholarly communication and therefore their contribution to this kind of study would be minimal. Semi-structured questionnaires were distributed to the sample population of 544 respondents who were selected through stratified random sampling from a population of 1088 researchers. Stratified random sampling was necessary to ensure the representation of the respondents on the basis of their gender, rank and research discipline (Neuman 2007) . Of the 405 (74,5%) returned questionnaires, 398 (73,2%) were found usable for analysis while seven were discarded as incomplete.
Table 1
Questionnaire distribution and response rate (N=544) Table 1 summarises the questionnaire distribution and the response rate. Mzumbe University had the lowest return rate of 59% while the Open University of Tanzania had the highest response of 85%. After data collection, editing (by checking and adjusting for errors, omissions, and legibility) was done to ensure completeness, consistency and readability. Data were analysed using the Statistical Package for Social Sciences (SPSS) version 15. Content analysis was used to analyse data emerging from open-ended questions.
Presentation and discussion of the research findings
The study results are presented and discussed according to the three main objectives of focus in this article: investigate the general awareness and open access usage; find out researchers' perspectives on open access; and recommend strategies to enhance the adoption of open access in Tanzania.
Profile of the respondents
Out of the 398 respondents, 78% (310) were male and 22% (88) female. Regarding the age groups, 18,6% were aged between 31 and 40 years; 39,4% between 41 and 50 years; 36,4% between 51 and 60 years; and 4,5% were above 60 years old, indicating that the majority of the respondents were aged between 41 and 50 years while those above 60 years formed the smallest group. The distribution of the respondents by rank for each institution is summarised in It can be noted from Table 2 that the 46,2% of the respondents were lecturers, 28,9% were professors, and 24,9% senior lecturers. In terms of the highest academic qualifications attained, 75,1% were found to be holders of doctoral degrees while the remaining 24,9% had masters' degrees.
Researchers' disciplines were broadly classified into two categories: natural sciences and social sciences. The distribution of researchers by discipline was 159 (41,4%) for social sciences and 225 (58,6%) for natural sciences. Fourteen respondents did not indicate their research disciplines; hence they are not included in this calculation.
Open access awareness
The respondents were asked whether or not they had heard about open access before their participation in this survey and if so how they had become informed about it. Among the 392 researchers who responded to this question, the majority (72,1%) had heard about open access while 26,4% had not. Of the respondents, 42% learnt of open access from their colleagues, 19,3% learnt of it through publishers' promotion and 18,8% learnt of it by following the Internet debate, while the remaining 29,9% learnt of open access at workshops/conferences, through library promotion, by chance while surfing the Internet, and during postgraduate studies abroad. Several other studies acknowledge university/library Web sites, contact from institutional repository staff members, publicity through campus newspapers, results of a Web search engine/Internet, direct publicity from publishers, word of mouth from associates and participation in an initial meetings of institutional repositories as ways through which respondents are exposed to open access (Kim 2006; Moller 2006; Pelizzari 2003; Swan and Brown 2005) . These results imply that advocates of open access can use a combination of methods in promoting this mode of scholarly publishing to researchers.
Open access usage
Open access usage was investigated to determine the extent to which researchers accessed and disseminated scholarly content through the open access mode of scholarly communication. Tables 3 and 4 It can be noted from 
Researchers' general perspectives about open access

Researchers' attitudes on open access
The results of researchers' attitudes towards open access are presented in Table 5 . 
Researchers' perceptions on institutional open access repositories
Before seeking researchers' views regarding their acceptance of open access repository establishment at their institutions, they were first required to comment on whether or not the dissemination of research output emanating from their respective institutions was a problem. A total of 392 respondents provided answers to this question. The majority (83,1%) averred that the dissemination of research output at their respective universities was a problem as most of it is being documented as grey literature in print formats. Only 16,8% did not consider it problematic to disseminate research output at their respective universities.
The respondents were then requested to indicate the importance that they attach to the establishment of institutional repositories as a strategy to improve the dissemination of research output at their universities. The majority, that is 384 (96,5%), considered the establishment of repositories important. These findings mirror other studies that indicate that most respondents endorse the establishment or were willing to contribute or submit in institutional repositories (Kim 2006; Lwoga 2006; Pelizzari 2003; Swan and Brown 2005; Xu 2005) . Support of the establishment of institutional repositories by many respondents in this study was in harmony with their positive perceptions about open access as noted above.
The respondents were further asked to indicate the most preferred content for the institutional repositories. Table 6 presents the results of preferred institutional repository content as suggested by the respondents. The most preferred repository content, in order of priority, were conference papers, peer reviewed articles in a journal, theses/dissertations and teaching materials. Non-peer reviewed articles were least preferred to be included in the repository. Research reports, consultancy reports and annual institutional reports (in order of priority) were among the additional publications highly ranked by the researchers for inclusion in the institutional repositories. The preferred repository content as suggested by the respondents collaborated with recommendations made by several previous studies (Lwoga 2006; Pickton 2005; Swan and Brown 2005; Van der Merwe and Kroeze 2008) .
Furthermore, the researchers were required to suggest what they would consider as acceptable use of their materials if deposited in the repository. Table 7 summarises the results of acceptable use of the repository materials. Individuals should register first before using deposited works 207 52
Anybody should be allowed to comment/or add notes on deposited works 93 23,4
The majority of the respondents (72,9%) would allow any use of their works deposited in the institutional repository as long as users provided proper acknowledgement. Many (52%) of the respondents would only allow usage of their works upon users' registration. Only 23,4% would allow users to add comments or notes on their deposited works. The possibilities to view/display, print, save, copy and quote were also found to be the acceptable use of repository content by many respondents, as reported by Gadd et al. (2003) and Pelizzari (2003) . The acceptance of any use of repository materials with an acknowledgement condition implies that many researchers were in agreement with the main principle of open access, namely the removal of barriers to scholarly content dissemination.
To find out how researchers valued the review of publications to ensure the integrity of scholarly communication, the respondents indicated the importance of reviewing publications (for publications without peer review) before being deposited in the institutional repository. Most respondents, 42,7%, considered it very important, 43,5% said it was important, 8,8% claimed that it was either less important or least important while the remaining 5% had no comment. As to the composure of the review team, 30,7% favoured a departmental research committee, 26,8% preferred a faculty/institute/directorate committee, 19,1% preferred a university-wide committee to do the review process, while the rest were divided between specialists in the field, external experts, selected reviewers or the university technical team. These findings suggest the need to pay attention to the review of publications before self-archiving in institutional repositories. The results from this study resemble observations made by Fullard (2007) , Pelizzari (2003) , Van der Merwe and Kroeze (2008) , Wang and Su (2006) and Warlick and Voughan (2006) . In all the referred studies, the peer review process is considered important so that open sources cannot be judged as holders of inferior content.
The respondents were also required to propose the most appropriate unit within their universities that they thought should manage the institutional repository once established. The findings were as follows: 244 (61,3%) preferred the university library as the most appropriate unit for managing institutional repository, 78 (19,6%) preferred the university-wide research coordination unit, 47
(11,8%) chose each faculty/institute/directorate while the remaining 29 (7,3%) gave no opinion. Studies by Pelizzari (2003) and De Beer (2005) also established that many respondents prefer libraries as the most appropriate for the management of institutional repositories.
The preference for the library as the most appropriate unit for institutional repository management was motivated by several reasons including: repository management being the task of the library in other places; the library being well equipped in terms of ICT facilities and expertise; and the library having a mandate of information management for the university and therefore it should also manage the repository. Those who preferred the university-wide research unit argued that: such a unit usually also controls all research activities at the university and therefore it would be easy to track research output for inclusion in the repository; the university-wide unit is mandated with coordination and dissemination of research findings; the unit is representative of the whole university; and the unit is responsible for quality control of publications from the university and hence well positioned to manage the institutional repository. The preference for faculty/institute was motivated by the argument that it would make the review process less bureaucratic because both the people who form the review panel and the publications for review would be located at the same unit.
All in all, the general perspective of Tanzanian researchers towards open access, both as a content provider and a distribution of output, was found to be positive. This suggests that the poor uptake or low utilisation of open access outlets, especially for content distribution, must be a result of other challenges.
Challenges for open access scholarly communication adoption
Despite the general open access support by the majority of the researchers as noted above, several challenges should be addressed for effective exploitation of open access opportunities to improve scholarly communication in Tanzanian public universities. These challenges are briefly highlighted below.
Researchers' self-efficacy, fears and misconceptions
Several factors were identified as constraints challenging researchers' usage of open access systems. As shown in Table 8 , most respondents (44%) identified the lack of adequate skills for open access publishing as a major contributing factor militating against them. The other reasons that were highly ranked included: the likelihood that open access publications would be misused or plagiarised (51%); the general perception that open access publications were of low quality compared to traditional publications (55,2%); and researchers' worry about the long-term availability of open access publications (35,4%). These findings corroborate previous studies that found that uncertainties over later publishing of open access articles elsewhere, violation of publishers' copyrights, and plagiarism of open access papers are among the cited respondents' deterrents for their contribution to institutional repositories (Fang and Zhu 2006; Foster and Gibbons 2005; Hirwade and Rajyalakshmi 2005; Kim 2006; Pickton 2005; Ware 2004; Xu 2005) . It is necessary to address these challenges to foster the adoption of open access in Tanzania and other institutions elsewhere with a similar research environment.
ICT infrastructure
Slow Internet speed was reported by the researchers as the major reason for low utilisation of open access outlets in accessing and disseminating scholarly content. The main cause for the slow connectivity was probably due to low bandwidth available at all the six public universities. Through interviews with policy makers and further follow-up consultations with officials of the university computer services, it was revealed that the university of Dar es Salaam had an Internet speed of 12,5 mega bits per second (mbps) downlink and 1,5 mbps uplink; Muhimbili University of Health and Allied Sciences had 1,024 mbps downlink and 0,512 uplink; Sokoine University of Agriculture had 2,048 mbps downlink (shared 1:8) and 0,256 uplink; Ardhi University had 1,2 mbps downlink and 0,2 mbps uplink; Mzumbe University had 1,0 mbps downlink and 1,0 mbps uplink; and the Open University of Tanzania had 0,512 mbps downlink/uplink. Although the University of Dar es Salaam seemed to have the highest speed, it also had the highest user population when compared to the other universities. Hence the high number of users rendered the relatively higher bandwidth inadequate.
It would therefore be necessary for all the universities in the study to improve their connectivity to enable the researchers to benefit from open access opportunities. Proper bandwidth management would be equally important to optimise the already limited connectivity. Hopefully, the problem of slow connectivity would be solved once these universities get connected to the high speed submarine fibre optic cable that was launched by President Jakaya Kikwete of the United Republic of Tanzania (Shame 2009 ).
Inadequate researchers' information search and publishing skills
The electronic information environment has posed challenges to researchers with regard to their ability in accessing and disseminating scholarly content. This is due to the fact that the 'developing web technologies relating to information access and publishing [are] becoming more sophisticated' (Harle, 2009:15) , such that there is a need to upgrade the technical skills of the existing staff if they are to cope with the new and dynamic technological developments. However, in this study, only 20 (5%) respondents cited their inadequate skills to access online information and 175 (44%) respondents cited their inadequate skills to publish on online sites as the main reason for non-use of open access opportunities. Even though only a few researchers indicated this problem, it may still be necessary for libraries and university computing centres to actively impart these skills to researchers within their respective universities.
Lack of open access supportive policies
None of the universities in the study had established relevant open access supportive policies. Policies are considered important not only for motivating the researchers to publish in open access systems (Swan and Brown 2005) , but also as a means of clarifying the objectives, processes and procedures relating to the open access activities. Many researchers publish in traditional journals, especially those that are already listed as university-recognised publications. Since researchers' rewards, and concomitantly their career development, usually depend on publishing in such select journals, deliberate policies to promote open access publishing would do the same. Unless deliberate incentives and supportive policies are enforced to promote open access publishing, it is unlikely that this publishing mode will flourish and outstrip the already well established traditional scholarly communication media (Fullard 2007; Hedlund and Montenen 2008) .
Conclusion and recommendations
It is clear from the findings of this study that most researchers in Tanzanian public universities were aware of and positive towards the open access concept. However, the majority used open access outlets to access rather than publish their scholarly output, mainly because of skills inadequacy, the lack of supportive policies and researchers' fears.
For as long as most universities recognise only the traditional publications, for example refereed journals, as acceptable accredited output and since there is a perception that open access outputs are of lower quality because they do not undergo rigorous quality control, uptake of open access usage would remain poor. Additionally, the uncertainty about long-term availability of open access sites, the fear of exposure to plagiarism and loss of ownership, the poor ICT infrastructure and inadequate ICT skills are important barriers.
It became apparent that many researchers would welcome the establishment of institutional repositories as a way to improve dissemination of research output, especially conference papers, research reports, theses, dissertations and peer-reviewed articles emanating from their respective universities. However, it is very important that this content be reviewed, preferably within the academic unit, department or faculty, before being accepted or deposited in institutional repositories.
The university library is the most preferred unit within the university to manage the institutional repository. Self-archiving and publishing in online journals would be supplementary methods of disseminating research output, if researchers could become competent ICT users for these purposes.
Based on the above findings, the study recommends that universities and other research organisations in Tanzania and other developing countries establish institutional repositories to increase both research output dissemination and improved knowledge sharing. Not only would the research profile of these universities and their researchers be elevated, but more use and trust of open access outlets would also result. (Bjork et al. 2009; Harnad 2006; Regazzi and Caliguiri 2006) . Self-archiving to a large extend depends on the ownership or availability of technological facilities, which are often lacking among individual researchers but are more readily available within universities or organisations. More importantly, institutional repositories in developing countries will have the opportunity to publish their own content without having to bow to the stringent requirements and competition often characteristic of commercial journal publishers and vendors. As long as reasonable and standard quality assurance measures are adopted, this option will ultimately improve the dissemination of institutional research output within and beyond country borders and probably greatly change the view that little or no scholarly content emanates from developing countries.
